Abstract: The effects of water potential on germination were studied in four provenances of Myrtus from different bioclimatic zones in Tunisia. Water potential between 0 and -10 bars were obtained using polyethylene glycol 6000 (PEG-6000) solutions. Seeds were planted in Petri dishes full of sterile perlite, and kept for one month under 1500 lux light with 16h photoperiod and at 25
Introduction
Myrtle Myrtus communis L. is an annual plant that has been used since ancient times for medicinal, food and spice purposes. The leaves contain tannins, flavonoids such as quercetin, catechin and myricetin derivatives, and volatile oils (Baytop 1999; Romani et al. 1999) . The fruits of this plant are mostly composed of volatile oils, tannins, sugars, flavonoids and organic acids such as citric and malic acids (Baytop 1999; Martin et al. 1999; Cakir 2004) . Myrtle is a drought-tolerant evergreen shrub that can be used as an ornamental hedgerow or as a flowering potted plant (Holcomb & Michalas 1992) . The leaves and berries are a source of essential oils that have medicinal, insecticidal and sensory values (Khosh-Khui et al. 1984; Mulas et al. 1996; Milhau et al. 1997 ). Seed germination is usually the most critical stage in seedling establishment, determining successful crop production (Almansouri et al. 2001) . Crop establishment depends on an interaction between seedbed environment and seed quality (Brown et al. 1989; KhajehHosseini et al. 2003) . Factors adversely affecting seed germination may include sensitivity to drought stress (Wilson et al. 1985) . A large number of studies have been carried out on the effects of water stress on the germination of forest tree species, and most species and provenances have shown a different sensitivity to water stress with regards to germination and subsequent root growth. (Bonner & Farmer 1966; Barnett 1969; Djavanshir & Reid 1975; Kaufmann & Eckard 1977; Calamassi et al. 1980; Falusi & Calamassi 1982; Falusi et al. 1983; Dunalp & Barnett 1984; Thanos & Skordillis 1987; Falleri 1994; Lopez et al. 2000) . However, in none of the studies was the selection of provenances at the beginning of the research based on a bioclimatic classification. Soil water supply is an important environmental factor controlling seed germination (Kramer & Kozlowski 1979) . If the water potential is reduced, seed germination will be delayed or prevented, depending on the extent of its reduction (Hegarty 1978) . One technique for studying the effect of water stress on germination is to simulate stress conditions using artificial solutions to provide variable water potentials (Larson & Shubert 1969; Sharma 1973; Falusi et al. 1983) . In the present work, the effects of water stress were examined in 4 provenances of Myrtus communis L. using PEG solutions with water potentials ranging from 0 to −10 bars. The purpose of this study was to evaluate the influence of water stress on germination and to determine whether there was a significant intraspecific variation in drought tolerance between provenances of Myrtus communis L. seeds from different bioclimatic zones.
Material and methods
In our studies, 4 myrtle provenances collected in 2006 from Tunisian mountainous regions were analyzed for their osmotic stress tolerance at the seedling stage. The seeds were extracted, cleaned and stored in a dark and cool place at 4
• C and 50% of relative humidity. The climatic conditions prevailing in each of the 4 natural stands were considered when selecting locations in Tunisia. Water stress was applied Myrtle under osmotic stress through incubation in seven different concentrations of PEG 6000 that provide solutions with water potentials ranging from 0 to −10 bars (Michel & Kaufmann 1973) . Polyethylene glycol molecules with a Mr 6000 (PEG 6000) are inert, non ionic and virtually impermeable chains that have frequently been used to induce water stress and maintain a uniform water potential throughout the experimental period (Hohl & Peter 1991; Lu & Neumann 1998) . Molecules of PEG 6000 are small enough to influence the osmotic potential, but large enough not to be absorbed by plants (Carpita et al. 1979) . Because PEG does not enter the apoplast, water is withdrawn from the cell and the cell wall. Therefore, PEG solutions mimic dry soil more closely than solutions of low Mr osmotica, which infiltrate the cell wall with solutes (Verslues et al. 1998) . Five replicates of 20 seeds per provenance were used to determine germination rates in the absence or presence of osmotic stress. Washed seeds of Myrtle were surface sterilized with Pelt44 for 1 hour. Seeds were thoroughly rinsed with deionized water, 20 seeds were placed in 90 mm diameter glass Petri dishes containing perlite and irrigated with 5 ml of distilled water or with PEG solution (0 and −10 bars). Germination percentage was determined and sampling was carried out when the germination in the water-irrigated seeds reached its maximum (99%) using radicle protrusion (2 mm) as a criterion for germination (Prado et al. 2000; Prabhjot et al. 2002) . Experiments were carried out in a temperature controlled growth chamber at 25 ± 0.5
• C with a photoperiod of 16 h, 70% relative humidity and luminescence of 1500 lux. Cumulative germination percentage (GP %) was evaluated daily and the final value was obtained after one month. Then, all cumulative germination percentages of the provenances at every stress level were transformed to relative cumulative germination percentages by considering the control germinations (0 bars) to be 100. The experiment was designed as a completely randomized design with two factors. The first factor was the provenances and the second the water stress treatments. Differences in germination between provenances and between treatments, as well as the interaction between these variables, were tested for an analysis of variance.
Results and discussion Figure 1 shows that, for all provenances, the lowering of the water potential resulted in a reduction of germination capacity. For Bargou, germination was not affected when the seeds were exposed to a water potential of −6 bars. Germination only dropped dramatically once the potential fell under −8 bars and became null when it reached −10 bars. The other three provenances, namely Djbel Abderahman, Sejnène and Souiniet, retained some germination capacity with water potential −4 bars, while all provenances showed no germination as soon as the water potential dropped to −10 bars. The study of the influence of water stress on germination showed that, regardless of the provenances, the lowering of the water potential reduced the capacity for germination. However, certain provenances were able to germinate at low water potentials of −8 bars (Djbel Abderahman). Examination of Fig. 1 allows to distinguish two main types of response to water stress. The first is represented by the Bargou and Djbel Abderahman provenances, which are tolerant to water stress during the germination phase, since they continued to germinate at −6 bars. The second type of response characterized the provenances of Sejnène and Souiniet, which are the more sensitive. In this case, the germination capacity became null at −10 bars. Although some authors (Fady 1992; Abulfatih 1995) tented to demonstrate the exis- tence of relationships between the germinative properties of seeds (response to temperature and to water stress) and the ecology of the plant, these relationships are not confirmed in our study. Even if this response could be an acceptable indicator of their germination potentials under similar conditions of stress in the natural environment, it cannot be considered as an indicator of drought tolerance in the adult plants (Manohar et al. 1968; Ndour & Danthu 1998) , or as a criterion for the selection of varieties adapted to aridity (SaintClair 1980) . The establishment and development of the species depend on the ecological conditions prevailing at the time of emergence and during the later phases of development. They also depend on the genetic characteristics of each species. In order to refine the selection of species offering the best potential, it would be useful to continue investigations into the tolerance to water stress at the seedling stage, since the establishment of the species also depends on the ecological conditions prevailing at the time of seedling emergence. According to the experimental data presented in Fig. 1 , the control showed some differences among the provenances regarding emergence percentage, but such differences were not statistically significant, in fact, differences appeared at the speed germination level (Fig. 2) . The response of germination to water stress differed among the four provenances. Analysis of variance showed highly significant differences among all provenances and water potentials. The interaction between provenances and water stress was significant (Table 1) . Although lowering the water potential to −8 bars reduced germination for all provenances by more than 50%, the reaction to increased water stress differed among the 4 provenances: Bargou seems to be the most tolerant, with a threshold between −6 and −8 bars, and Souiniet the least tolerant, with a tolerance threshold between −4 and −6 bars. Considerable tolerance was also observed in Djbel Abderahman, with a threshold between −4 and −6 bars (Fig. 1) . According to statistic analysis, Bargou and Djbel Abderahman were combined in an independent group as the most drought resistant provenances. Souiniet was the least drought tolerant provenance. On the other hand, there were no significant differences between 0, and −2 bar stress levels according to the germination percentages of different provenances, while −6 and −8 bar stress levels differed considerably. Djbel Aberahman showed a high germination percentage during the first two days (Fig. 2) , after which germination seemed to reach a plateau. Bargou germinated poorly during the first two days, but after the twelfth day, germination rates increased to 67% and reached a plateau of 80% (Fig. 2) . Therefore, in the absence of osmotic stress, seeds from all four tested provenances showed a high germination capacity. This could be significant when planning over sowing treatments with the specific species for restoration purposes. The final germination capacity for the control treatment differed significantly for all provenances. There is also a significant difference in the germination of the four provenances when comparing the total germination percentage of all treatments (provenances mean). Both Bargou and Djbel Abderahman show better germination in response to the −2 bar osmotic treatment than the other provenances. Although the germination capacity decreased with a decrease in osmotic potential, seeds from all provenances germinated at an osmotic potential of −8 bar. The seeds did not germinate at an osmotic potential less than −8 bar. This might indicate an important survival mechanism that ensures dormancy within the soil seed bank until sufficient moisture is available for optimal seed germination and seedling establishment. Drought plays an important role not only in determining germination rates, but also in influencing seedling development. A significant 2 way interaction (provenance and stress) was found for germination percentage. Germination percentage has declined considerably with decreasing water potential of solutions. The maximum decrease in germination ability was determined in Souiniet (93.5%). The control (0 bars) showed differences among the provenance for germination percentage and speed. Our results confirm the findings of KhajehHosseini et al. (2003) in soybean and those of MurilloAmador et al. (2002) in cowpea. However, our findings showed that PEG had greater inhibitory effects on germination because of the significant decrease in germination in the 4 provenances. We can conclude that the higher germination percentage and value in Djbel Abderhman and Bargou at the lowest water potential (−6 bars) may be related to their better adaptation to water deficit compared to the other provenances. Furthermore, differences under water stress also showed that provenances are characterized by a significantly different tolerance to drought. In many coated seeds, germination and subsequent seedling growth can be inhibited by mechanical restriction exerted by the seed coat (Sung & Chiu 1995) . Priming may be helpful in reducing the risk of poor stand establishment under drought and salt stress, and in permitting more uniform growth under conditions of irregular rainfall and drought on saline soils. Parera & Cantliffe (1994) and McDonald (1999) emphasize that hydro-priming is the simplest approach to hydrating seeds and it minimizes the use of chemicals. Our findings revealed that inhibition of germination by water potential resulted from osmotic effect. PEG affected the germination and seedling growth of myrtle and had a greater inhibitory effect. Our results agree with those given by Murillo-Amador et al. (2002) , and Sadeghian & Yavari (2004) , who stated that seedling growth was severely diminished by water stress in sugar beet. Moreover, distinct genetic differences were found among the provenances with respect to germination and seedling growth subjected to PEG. This variability would be useful to exploit in a program of myrtle rehabilitation and reintroducing.
